Introduction {#s0005}
============

The current coronavirus outbreak appears to be characterized by respiratory transmission and respiratory infection, although the routes of transmission and the pathophysiology of the disease have not been fully clarified yet. However, it is proven that the virus resides in the nasal and oral mucosa [@b0005].

While impeding person-to-person transmission is key to limiting the outbreak, so far little importance has been given to the events taking place after a transmission has happened, when innate immunity plays a crucial role. The main purpose of the innate immune response is to immediately prevent the spread and movement of foreign pathogens throughout the body. There is a close interplay between innate immunity and oxidative stress, and the molecule hydrogen peroxide may play a central role [@b0010].

We reviewed the literature concerning the innate response from nasal and oral epithelial cells to evaluate the role of hydrogen peroxide (H~2~O~2~).

Methods {#s0010}
=======

We searched the databases EMBASE and PubMed for relevant papers using the following entry terms: ("hydrogen peroxide" OR H~2~O~2~) AND (virus OR viral infection OR innate response). We have not used any other constrains. After duplicates were removed, we identified 2119 papers. Two independent observers scrutinized those articles in their titles and abstracts to apply eligibility criteria and filter the relevant ones. Disagreements were resolved by discussion. We defined the eligibility criteria using a PICO model as follows. Population: no specific reference population. Intervention: administration of hydrogen peroxide within clinical studies or animal studies or in-vitro studies. Comparison: placebo controlled or intra-individual pre-post comparison. Outcome: duration of current viral infection or protection against viral infections or enhancement of innate immunity reactions. All references from all eligible articles were assessed for eligibility, with no success. Finally, the papers were read, criticized, and narratively summarized. [Fig. 1](#f0005){ref-type="fig"} shows a flow chart of the literature screening method used.Fig. 1Systematic review flow diagram.

Results {#s0015}
=======

26 Papers resulted eligible for review (Figure 1), none of which was a randomized controlled trial or a clinical observational study with a control group.

Hydrogen peroxide is produced physiologically by oral bacteria and plays a significant role in the balance of oral microecology since it is an important antimicrobial agent [@b0015]. In the epithelial cells, the enzyme superoxide dismutase catalyzes a reaction leading from hydrogen peroxide to the ion superoxide. The induced oxidative stress stimulates a local innate response via activation of the toll-like receptors and the NF-κB [@b0020]. Those kinds of reactions are also activated by viral infections [@b0025]. Virus-induced oxidative stress plays an important role in the regulation of the host immune system and the specific oxidant-sensitive pathway is one of the effective strategies against viral infections [@b0030], [@b0035], [@b0040].

Many viruses have been found to be sensitive to hydrogen peroxide, including swine flu, rubella, rabies, and others [@b0035], [@b0045], [@b0050], [@b0055], [@b0060], [@b0065], [@b0070], [@b0075], [@b0080], [@b0085], [@b0090], [@b0095], [@b0100], [@b0105].

We therefore hypothesize that nose and mouth washing with hydrogen peroxide may enhance those local innate responses to viral infections and help protect against viral infections, including the current coronavirus pandemic.

Moreover, a hydrogen peroxide solution of a concentration as little as 0.5% efficiently inactivates coronaviruses (e.g. SARS, MERS) on inanimate surfaces within 1 min [@b0110]. This may justify the use of hydrogen peroxide washes in infected people too: the solution may decrease the viral load of their respiratory droplets, hence help tackle the spread in the community.

In the British Nationally Formulary, H~2~O~2~ is indicated for oral hygiene at the concentration of 6%. Hydrogen peroxide is safe to use for gargling or as a nasal spray: its 3% solution is commonly used off-label in otolaryngology to treat many viral conditions [@b0115], [@b0120], [@b0125], [@b0130], and moderate concentrations are present in drinks including tea and instant coffee [@b0135].

Conclusions {#s0020}
===========

There are no randomized controlled trials or clinical observational studies concerning the curative or preventive effect of hydrogen peroxide against viral infections. However, the literature from in-vitro immunological studies clearly points out that the application of hydrogen peroxide on the epithelial cells of nose, throat and mouth may well be extremely effective against viruses, including coronaviruses. We strongly encourage the rapid development of randomized controlled trials in both SARS-CoV-2 positive and negative subjects to study the effects that we have hypothesized. Those trials would be inexpensive to implement and compatible with other ongoing trials. Positive results would lead to remarkable global health gain with extremely limited costs. As a starting dose to test, we propose two puffs (about 0.28 ml) of 1.5% H~2~O~2~ nasal spray into each nostril two times daily combined with a mouth wash and gargling for 1 min with a 3% H~2~O~2~ solution two times daily.

Declaration of Competing Interest
=================================

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

Appendix A. Supplementary data {#s0030}
==============================

The following are the Supplementary data to this article:Supplementary data 1

The authors received no funding from any source. All authors contributed to the conception of the study. AIL wrote the manuscript. All authors approved the manuscript before submission.

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.mehy.2020.109910>.
